• A method is described which permits studying regional blood flow distribution throughout a given organ by injecting a dye into one artery supplying said organ and inducing circulatory arrest during the dye injection. 14 ' 1S In this case, too, the dye injection is intravenous, and the dye must be bound to the plasma and homogeneously distributed throughout the entire circulation.
• A method is described which permits studying regional blood flow distribution throughout a given organ by injecting a dye into one artery supplying said organ and inducing circulatory arrest during the dye injection.
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• Several authors in the past have used soot dispersions in order to study experimentally the patency of cerebral vessels. For this purpose, either the cranial segment of the animal is perfused with the soot dispersion injected intra-arterially under nearly systolic pressure just prior to sacrifice, 1 
"
8 or the dispersion is injected intravenously, and the animal is killed after enough time has elapsed for homogeneous distribution of the dye throughout the entire vascular system. 4 ' 6 The size of the soot particles is 200 to 500 A, and they permeate even the smallest capillaries. Colorants of similar nature, such as Evans blue, trypan blue, or fiuorescein, also have been employed to study vascular patency, 8 ' 7 permeability of the blood-brain barrier, 8 " 13 and propagation of edema fluid.
14 ' 1S In this case, too, the dye injection is intravenous, and the dye must be bound to the plasma and homogeneously distributed throughout the entire circulation.
On the other hand, much larger particles, such as microspheres 16 
*
19 or albumin macroaggregates, 20 have been used to quantitate blood flow. Such particles are up to 100 times larger than those mentioned above, and are injected intra-arterially (left atrium), their fractional distribution to several organs being related to the cardiac output. One of the conditions to be fulfilled in order to validate this method is that the particles be large enough to be totally trapped by the capillaries of the studied organ. This in itself, however, leads to occlusion of a variable number of capillaries and, possibly, to local blood flow changes. A method is described in the present paper which permits studying the distribution of blood flow to an organ, and which, in our laboratory, has been applied for some time to the study of the distribution of cerebral blood flow in the cat. 21 We named it the "single dye passage" technique.
Methods
Following intraperitoneal anesthesia with pentobarbital (Nembutal, 35 mg per kilogram of body weight), one femoral artery and vein of the animal are catheterized for continuous recording of systemic arterial pressure, respectively, for intravenous injections as necessary. The animal is tracheostomized and ventilated as desired. The lingual artery on the side of the dye injection is exposed, and a thin polyethylene catheter is passed centripetally down to the origin of this artery from the common carotid.
In order to study cerebral blood flow distribution by the single dye passage technique, a neutral dispersion of 10% soot, 4.3% fish glue, 0.9% phenol, and 84.8% water* is slowly *Soot dispersion C 11/1431, Gunther Wagner, Hannover, Federal Republic of Germany. 
KCl

FIGURE 1
Timing of the injection of soot dispersion (CD) into the lingual artery, and of potassium chloride solution (KCl) into the femoral vein, as related to the cardiac activity.
injected (by hand or pump) into the lingual artery under slight pressure (well below systolic). Injection of 0.25 ml within ten seconds has proved to be most adequate. At the same time 3 ml of saturated solution of potassium chloride are injected into the femoral vein. The arterial pressure recording is carefully observed and the injection of soot dispersion is stopped instantaneously following the animal's last heart beat ( fig. 1) .
The brain of the animal is then removed in the usual way and sliced fresh or following formalin fixation and/or embedding in gelatin. The distribution of dye to the various parts of the central nervous system as observed on the slices is either drawn on corresponding schemes of the brain or photographed.
Results
Although the cat has only a vestigial internal carotid artery and a rete mirabile at the base of its brain," 1 M our experiments show that, under normal conditions, each cerebral hemisphere is supplied exclusively with the blood flowing through the ipsilateral common carotid artery. This applies to soot dispersion ( fig. 2 ) as well as to other dyes such as Evans blue ( fig. 3) . No dye attains the caudal brain stem, while the ipsilateral cerebral peduncle may be stained. Under pathological conditions, however, leading to an increase in local brain tissue pressure, the resulting intracranial pressure gradients cause a redistribution of local blood flow away from edematous areas (with higher tissue pressure) and toward areas with less edema (and lower tissue pressure). Under such conditions the dye also reaches the cerebral hemisphere contralateral to the injection as well as the caudal brain stem 21 as shown in figure 4 .
The beginning and duration of the dye injection are not critical. It is important, however, that the dye injection starts some seconds previous to the intravenous application of K.C1 and that it be stopped immediately after the last recorded heart beat ( fig. 1) . If the dye injection is continued thereafter (i.e., if part of the injection is performed postmortem), the dye will reach parts of the central nervous system other than the ipsilateral cerebral hemisphere. Care also must be taken not to inject the dye under excessive pressure, since this will cause its reflux to the aorta and subsequent distribution to parts of the brain supplied by other aortic branches (e.g., to the cerebellum through the vertebrals). On the other hand, even if the duration of the dye injection prior to the last heart beat has been long enough to permit recirculation, the dilution of the dye in the systemic blood pool is such that no dye will be detected with the naked eye but in the ipsilateral cerebral hemisphere.
Comments
When oil, 24 air, 8 ' 2S or albumin macroaggregates 20 are injected into one carotid artery of the cat, part of the injected material invariably attains the contralateral hemisphere. This has led to the belief that there is an extensive overlapping of carotid circulation in the cat.
The single dye passage technique shows that the cerebral hemispheres of the normal cat are hemodynamically separate. Only in the presence of pathological alterations (local injury, embolization, etc.) or if the tracer is injected in a faulty way is there a redirection of blood (and dye) flow toward the contralateral hemisphere and the brain stem. These findings can be confirmed by means of diffusible indicators: following injection of l33 Xenon solution into one lingual artery the amount of tracer detected by a properly collimated contralateral scintillation counter is almost negligible (fig. 5) .
The single dye passage technique constitutes a reproducible and practical method for visualizing blood flow distribution within the brain. It differs from the methods of intravenous dye injection in that it does not indicate what territories of an organ have patent vessels, but what territories are being supplied by a given artery. As compared to the techniques based on intra-arterial injection of particles large enough to remain within the capillaries, the single dye passage technique offers the advantage of not appreciably altering microcirculation.
Further, by injecting a plasma-bound tracer (e.g., Evans blue or fluorescein) prior to causing a local lesion, and applying the single dye passage technique (e.g., with soot dispersion) thereafter, it is possible to depict both the propagation of the edema fluid and the changes in blood flow distribution. 
THE SINGLE DYE PASSAGE
The apparent disadvantage of the animal's sacrifice and of permitting only one observation per animal is compensated by the advantage of providing precise information on the regional distribution of blood flow, undisturbed by the technique itself.
The single dye passage technique appears to allow, for the first time, an analysis of the dynamics of blood flow distribution, viz. redistribution within an organ (in the present case the brain). The knowledge of how much blood flows to an organ (obtained by quantitative methods) thus can be supplemented by information on where the blood is flowing to within the said organ. This provides a new approach to a basic pathophysiological problem.
